Introduction
We investigate pricing and activity in the norwegian overnight interbank market in response to a more restrictive liquidity policy primarily intended to encourage interbank trading. Interbank market activity declined in numerous countries before and particularly after the default of lehman brothers in mid-september 2008; see e.g. Afonso et al. (2011) , Acharya and Merrouche (2013) , and Heider et al. (2015) . The turnover in the norwegian interbank market also declined substantially and remained relatively low for an extended period; see e.g. Norges Bank (2009, pp. 72-76) and Akram and Christophersen (2013) . The fall in interbank activity was accompanied by a relatively large increase in banks' trading with norges bank, the central bank, through participation in its ordinary and extraordinary liquidity auctions.
To encourage interbank trading, norges bank replaced its scheme of remunerating banks' overnight deposits uniformly with a two-rate regressive scheme on 3 october 2011; see Norges Bank (2012, pp. 149-150) . Accordingly, banks' overnight deposits have been remunerated at the key policy rate up to allotted quotas, while excess deposits have been remunerated at the reserve rate, set one percentage point below the key policy rate. A target range for banks' total overnight deposits, i.e. total liquidity, was also introduced and short term liquidity auctions have been undertaken to keep it within the range. In particular, short-term deposit auctions have been used quite actively to counteract temporary liquidity surpluses; such deposits had not been auctioned for more than eight years prior to october 2011.
The total value of allotted deposit-quotas across banks has been above the target level of total liquidity. Thus, it has been feasible for banks to fully deposit their liquidity at the key policy rate through trading actively in the interbank market. The cost of depositing excess liquidity at the reserve rate has been expected to encourage interbank trading and reduce banks' reliance on the central bank for managing and meeting their liquidity needs. Moreover, the avoidance of large liquidity surpluses through deposit auctions have been expected to induce interbank trading by maintaining trading needs. Previously, while overall liquidity shortages were counteracted through fixed-term loan auctions, overall liquidity surpluses were accepted, reducing banks' demand for liquidity; see Norges Bank (2012) for details.
Our investigation focuses on unsecured overnight interbank trading, which may account for around 3/4 of total overnight trading and about 90% of all unsecured trading in the norwegian money market; see Norges Bank (2013 Bank ( , 2014b Bank ( , 2015 for evidence based on money market surveys.
1 Our measures of interbank trading include the number and volume of loans and the number of interbank market participants.
Regarding pricing, we focus on whether and how the policy change has affected the interbank rates relative to the key policy rate, their volatility over time and dispersion across banks. A 'deeper' interbank market with more trading among a larger number of participants may contribute to lower interest rate volatility and smaller dispersion of interest rates across banks. A related question is to what extent the key policy rate, i.e. the overnight interest rate for within-quota deposits, has prevailed in the interbank market. When banks have opportunities to hold liquidity in the central bank at two and quite often three different rates: the policy rate, the reserve rate and the fixed-term deposit auction rate, the typical level and volatility of interbank rates may shift relative to the period when only the policy rate was available.
The investigation is based on a data set of banks active in the norwegian interbank market over the period 17 april 2009 to 7 january 2016. As data on actual interbank loans and interest rates faced by individual banks is not publicly available, we employ a furfine-based procedure to infer overnight interest rates from the real-time gross settlement (rtgs) system of norges bank; see Furfine (1999 Furfine ( , 2001 .
By a careful examination of the flows of funds between banks, fairly precise information can be obtained about amounts borrowed and overnight interest rates paid by banks; see e.g. Kovner and Skeie (2013) and Akram and Christophersen (2014) for some recent evidence. We additionally refine the furfine-procedure by assuming that interbank participants quote and agree on overnight rates with values that do not differ from each other by more than 1/10 of a basis point, at most; cf. Demiralp, Preslopsky, and Whitesell (2006) and Vaughan and Finch (2017) . This assumption is supported by our queries to several norwegian interbank market participants. We complement our analysis of the obtained time series of interbank trading and interest rate variables with markov regime-switching models in which dates of possible regime shifts are not imposed; see Hamilton (1989) .
To summarise our mains findings, we document a substantial increase in interbank activity as measured by daily turnover, the numbers of loans and interbank market participants immediately or shortly after the policy shift. The level and the volatility of overnight interest rates (relative to the key policy rate) as well as their variance across banks decline after the policy shift. Notably, the average spread is 5.3 basis points before the policy shift and −2.6 basis points afterwards which is close to the average spread of fixed-term deposits' interest rates and clearly higher than the reserve rate. Notably, most of the interest rates (96% ) since the policy shift are observed below the key policy rate.
Policies aimed at improving the functioning of interbank markets after the financial crisis have been the focus of much academic and policy debate since the financial crisis; see e.g. Allen et al. (2009 ), Affinito (2013 , Brunetti et al. (2011) , Acharya et al. (2012) and Gale and Yorulmazer (2013) . Our results may therefore be of general interest. In particular, they shed light on the merits of a 'floor system' in terms of interbank activity and interest rates in comparison with those of a system that has features of a 'corridor system'. In a floor system, such as the one in place until october 2011, banks receive interest on all deposits with the central bank at the overnight deposit rate while the central bank also ensures surplus of total liquidity to obtain interbank interest rates close to the overnight deposit rate.
In the new system, which may be referred to as a corridor system, the central bank still aims to obtain interbank interest rates close to its overnight deposit rate, but it now constitutes the mid-rate between the central bank's overnight lending rate, which banks pay if they have to meet their short-term liquidity need, and the reserve rate, which banks receive if they have to deposit beyond-quota surplus liquidity with the central bank. Moreover, the central bank aims to keep total liquidity within a corridor, centered around a level of total liquidity considered sufficient for smooth interbank transactions in general.
2
The paper is organised as follows. Section 2 briefly describes the objectives and instruments of norges bank's liquidity policy and the policy changes in october 2011. Section 3 presents the data and the furfine-based method employed for identifying overnight interbank loans and associated overnight rates. Section 4 analyses overnight lending and corresponding interest rates identified over the sample period. We focus on detecting possible shifts in their behaviour before and after the policy change. To this end, in Section 5 we also use threshold models including markov switching models. Section 6 presents the conclusions. Some evidence on the reliability of the furfine-based algorithm is presented in the appendix.
Liquidity policy -objectives and instruments
A well-functioning interbank market is important for banks' payment and credit intermediation, and trading for investment and risk management. It is also important for the effectiveness of the monetary policy transmission mechanism and achieving monetary policy objectives. Moreover, an active interbank market may promote financial stability through peer monitoring; see e.g. Rochet and Tirole (1996) and Furfine (2001) . Interest rates paid by a bank could indicate its default risk, especially when interbank lending is unsecured; see e.g. Vaughan and Finch (2017) .
Activity and pricing in an interbank market depend to a large extent on the role and behaviour of the central bank; see e.g. Prati et al. (2003) and Bartolini and Prati (2006) . Central banks influence interbank markets through their policy rates and by regulating the liquidity stance in money markets; see e.g. Stigum and Crescenzi (2007) . They also influence interbank markets by altering the design and terms of their liquidity auctions and the remuneration of banks' deposits at central banks.
Central banks' liquidity policies generally encourage interbank activity, not least to limit banks' reliance on central banks for meeting their liquidity needs. Liquidity provision to banks exposes central banks to credit risk, which if materialized can reduce their equity and possibly independence vis a vis fiscal policy authorities.
In the following, we describe norges bank's liquidity policy objectives and its main instruments. norges bank's liquidity policy has three main objectives; see e.g.
Norges Bank (2014a Bank ( , 2016 . First, banks must have adequate liquidity to meet their short-term needs stemming from day to day activities. 3 Second, the key policy rate should prevail in the money market. And third, banks should predominantly meet their liquidity needs by trading with each other rather than with the central bank.
The interest rate on banks' (regular) overnight deposits at norges bank is the key policy rate; see Norges Bank (2016, pp. 19-20 Norges bank conducts open market operations through competitive multi-price fixed-term loans and deposits auctions. The maturities of such loans and deposits, hereafter referred to as f-loans and f-deposits, respectively, range from overnight to usually a week and one month at most; extraordinary fixed-term loans auctioned at the height of the financial crisis in 2008 are exceptions; see e.g. Bernhardsen et al. (2009) . Auctions are usually announced in the morning or a day ahead when actual or predicted total liquidity, i.e. banks' total overnight deposits, deviates from norges bank's operational target for total liquidity.
Shifts in liquidity policy
Until 3 october 2011, banks' overnight deposits at norges bank were remunerated fully and equally at the key policy rate; see e.g. Norges Bank (2012 Bank ( , 2016 . The key policy rate therefore generally acted as a floor for interbank overnight rates, while the overnight lending rate on overdrafts acted as a ceiling on interbank overnight interest rates.
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To encourage a higher level of interbank trading from relatively low levels following the financial crisis, norges bank changed its liquidity policy on 3 october 2011.
Since then, banks can only get their overnight deposits remunerated at the key policy rate up to allotted limits, while excess deposits are remunerated at the reserve rate, set one percentage point below the key policy rate. banks have been grouped, reflecting their gross payment transactions, and allotted deposit limits accordingly.
Importantly, the sum of allotted deposit limits that are remunerable at the key policy rate has been set at a higher level (nok 45 bn) than the operational target 6 Loan and deposit transactions with the central bank may occasionally be an alternative to interbank trading, however. A reduction in the supply of f-loans may encourage interbank activity while a supply of f-deposits may have the opposite effect. This could be the case on auction days if f-loans and f-deposits have overnight maturity. Norges Bank (2014a, p. 18) suggests some decline in interbank activity on such days, but it has been relatively small. Figures 3.a-d display probability density functions of total and structural liquidity series before and after the liquidity policy shift. We note that while the ranges and shapes of structural liquidity distributions have been comparable over the subsamples, both the ranges and the shapes of total liquidity have changed substantially over time reflecting the prevailing liquidity policy and the use of f-loans and f-deposits. Notably, Figures 3.a and 3.b reflect the 'floor system' in which total liquidity is bounded downward, while Figure 3 .c reflects a 'corridor system' in which total liquidity is bounded both downward and upward and is apparently symmetric around its target level nok 35 bn.
To summarise, we have documented changes in the distribution of total liquidity consistent with the shift in liquidity policy. Notably, it has largely varied symmetrically within a relatively smaller range than in the periods before the liquidity policy shift; see Figure 3 .d. To this end, both f-loans and f-deposits have been used actively to counteract negative and positive aggregate liquidity shocks, respectively.
To investigate the response of interbank activity and pricing to the liquidity policy shift, we need data on overnight interbank loans and associated interest rates.
The next section explains how we derive such data from our sample of interbank payments data recorded in norges bank's real-time gross settlement system (rtgs).
Interbank payments data available to us are from 17 april 2009 − 7 january 2016, which restricts us from analysing interbank activity and pricing in the earlier periods. However, only a small share of the extracted transactions is associated with overnight interbank lending. We mainly proceed as Furfine (1999 Furfine ( , 2001 ) to separate overnight loans from all of the other extracted rtgs transactions. In essence, the 7 Ignored observations include those related to clearings from the norwegian interbank clearing system (nics) and the norwegian central securities depository (vps), payments sent to and from the continuous linked settlement (cls) system and banks' transactions with norges bank.
Identifying overnight interbank loans and rates
procedure classifies a pair of transactions between two banks on consecutive business days as an overnight loan if the amount transferred on a day (V t ) is a round value and the amount returned on the subsequent day (V t+1 ) equals the transferred amount plus an amount that may be considered a payment for accrued overnight interest rates. 8 It is common to restrict the transferred amount to a round value as banks do not borrow non-round values by market convention. Specifically, the furfine algorithm identifies a pair of transactions as an overnight loan if the transferred value (V t ) is a round value in nok millions and the implied interest rate (ii), defined as:
is within a predefined band. The bandwidth depends on what one considers to be reasonable variation in interbank interest rates. Hence, implied interest rates can become sensitive to the assumed bandwidth.
To increase the reliability of the furfine-algorithm, we additionally require the implied interest rate in % (ii × 100) to be a plausible quoted interest rate, that is a number with no more than three decimals. Market participants seem to generally quote interest rates in annual terms and mostly with two decimals, i.e. in basis points, but sometimes with three decimals for particularly large loan amounts. 9 The decimal restriction may also help avoid matching V t with repayment of a loan with longer maturity. If the interest rate band imposed has an upper limit higher than e.g.
twice the central bank's overnight rate, an algorithm without the decimal restriction can wrongly classify repayment of a loan with two days maturity as a repayment 8 It is not possible to extract information from the rtgs system indicating whether a loan has been initiated by a borrower or a lender. Nor does the system contain information on whether transacting banks are borrowing or lending themselves or just transacting on behalf of other banks or institutions that do not have direct access to the deposit and lending facilities of norges bank.
9 We take into account that norges bank's rtgs system operates with two decimals for nok payments as the smallest monetary unit is 'øre', equal to 1/100 of a nok. A repayment transaction (V t+1 ) can therefore potentially have a rounding error up to nok 0.005. Consequently, an implied interest rate can deviate slightly from the corresponding actual interest rate if agreed with three decimals between two banks. An implied rate in % (ii × 100) is therefore treated as a valid interest rate if it does not disagree with its rounded value, down to three decimals, by more than the maximum of the potential rounding error in the repayment transaction. That is:
of an overnight loan. Unsecured interbank loans in nok of longer maturities than overnight are anyway negligible according to money market surveys; see e.g. Norges Bank (2013) .
The analysis presented in this paper is based on a bandwidth of i cb ± 70 basis points where i cb denotes the key policy rate. The chosen band is symmetric around the key policy rate to allow interbank rates to be both below and above the key policy rate after the policy shift. The width is chosen to avoid including zero interest rate as the key policy rate is 0.75% in the last period of our sample. Identification of overnight interbank loans may deteriorate if sent and returned amounts may be equal, which would be the case if the bandwidth allows for interbank overnight loans at zero interest rate.
Appendix b evaluates the properties of the employed algorithm. It is shown that the sets of identified loans and interest rates are fairly invariant to changes in the bandwidth.
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Interbank overnight interest rates and activity
The following subsection presents (implied) interest rates for the individual overnight loans over the whole sample period as well as the constructed market-wide measure of overnight interbank rates, nonia. The second subsection presents and discusses the time series behaviour of various implied measures of overnight interbank activity such as daily turnover, number of loans and number of market participants. A more rigorous investigation of possible shifts in market-wide overnight interest rates and various interbank activity measures using regime-switching models is provided in Section 5.
10 By choosing a floating bandwidth where the implied interest rate needs to be between max{i cb + 110 bps, i cb × 1.934} and min{i cb − 110 bps, 5 bps}, the number of identified loans is increased by 0.67%. We observe that most interest rates are clustered around the key policy rate, though asymmetrically. There is a larger dispersion of interbank interest rates above the policy rate than below it. None of the implied interest rates were found to exceed the overdraft rate when the bandwidth was relaxed to allow for that. Interest rates below the policy rate especially before the policy shift could reflect overnight loans between interbank participants on behalf of non-resident banks or other institutions that are barred from placing any liquidity at norges bank. Resident banks may accept liquidity from e.g. foreign banks at a lower rate than the deposit rate, as a charge for immediacy. After the policy shift, also resident banks with excess liquidity may be willing to place liquidity at interest rates below the key policy rate.
Identified overnight interbank rates
We note, however, that only a few of the interest rates are close to the reserve rate, say by being close to the assumed lower band of the interest rates: key policy rate − 70 basis points. Before and after the policy shift date, 95.8% and 98.4% of the observations, respectively are within a 30 basis points range (+/-15 basis points) from the policy rate. While Figure 4 does not give a clear impression of a systematic and significant fall in interbank interest rates relative to the key policy rate from 3 october 2011 onwards, evidence presented in Sections 4.3 and 5 suggests this to be the case.
Interbank activity
The sample of overnight interbank loans corresponding to the interest rates presented above suggests that 33 different banks have participated in the overnight interbank market. In total, this constitutes less than 1/4 of the banks with access to the rtgs system. These banks are large norwegian banks and branches and subsidiaries of foreign banks. Among the 33 participants, 32 banks have acted as lenders. Of these, 29 banks have also borrowed during the sample period. In addition, one bank has solely borrowed during the sample period. Over the sample period, there have been 1 to 14 different borrowers and 1 to 19 different lenders in a day. It is not uncommon for lenders and borrowers to undertake several overnight loan deals daily. The sample average is around 1.10 loans per participating bank, though.
We observe substantial variation in the total daily volume, the daily number of overnight loans and the number of market participants in a day. 
Market-wide overnight interest rates (NONIA)
There is a relatively large variation in overnight interest rates across interbank loans as shown in e.g. Figure 4 . We summarise their behaviour over time using an indica-tor of the market-wide actual overnight interest rates termed norwegian overnight index average (nonia); see Akram and Christophersen (2013) . It is a loan-weighted average interest rate based on implied interest rates of all identified overnight loans on a given day. Each of the interest rates is weighted in accordance with the value of the corresponding loan relative to the total value of all loans on a given day:
ω j,t represents the weight given to interest rate j on day t, V j,t represents the value of a loan j on a day t while Jt j * =1 V j * ,t sums the values of all loans on day t; J t denotes the number of loans (and interest rates) on a day t. Figure 6 plots nonia together with the key policy rate (the overnight deposit rate), the reserve rate and the (overnight) overdraft rate. It shows that nonia dropped from levels mostly above the key policy rate to levels mostly below the key policy rate after 3 october 2011. This is evident in Figure 7 , which shows that 96.63% of the derived spreads between nonia and the key policy were positive before the policy shift, while about the same share (95.56%) has been negative afterwards.
On average, nonia is 6.86 basis points above the key policy rate before the policy shift and 3.03 basis points below the policy rate afterwards. One of the objectives of norges bank's liquidity policy is to ensure that interbank interest rates are close to the key policy rate and are stable. From this perspective, market-wide overnight interest rates represented by nonia have been closer to the policy rate after the policy shift than in earlier periods. NONIA has also been more stable over time after the policy shift than before. This is apparent in Figure 8 .a, which displays the absolute spread between nonia and the key policy rate over the sample period.
Furthermore, the dispersion of interest rates across individual overnight loans 
Figure 8: Absolute values of spread between nonia and the deposit rate (key policy rate), the loan-weighted standard deviation of individual interest rates and the relationship between the number of loans (horizontal axis) and absolute values of the spread, and between the number of loans and the standard deviation. Daily observations over the sample period.
has become relatively smaller after the policy shift. Figure 8 .b displays daily values of the loan-weighted standard deviation of individual interest rates plotted in Figure   4 . We note that the range of variation in the standard deviation is mostly lower and its values spike less often after the policy shift than before. 
Shifts in interbank activity and pricing
This section investigates more rigorously possible shifts in the time series properties of measures of overnight interbank activity and interest rates. We are particularly interested in testing whether their levels and/or variances have shifted following the policy shift. As a reference model, we first estimate a linear model of selected variables where only corresponding means may shift from the day when policy shift was implemented. Specifically, we estimate equations as:
where y t represents the total daily turnover (volume), number of loans (loans), number of participants either as lenders or borrowers or both (banks), the difference between nonia and the key policy rate (spread) and the weighted standard deviation The results clearly suggest the policy shift has had statistically and economically significant effects on the measures of interbank activity and pricing. The estimated coefficients imply that the average daily volume increases from about nok 5 bn to about 15 bn (= 4.911 + 10.231), the average number of loans per day rises from 8.45 to 14.73 while the average number of participants increases from 8 to 13 per day following the policy shift. The estimated coefficients for the spread between nonia and the policy rate suggest that it falls from 6.86 basis points to -2.98 (= 6.862 − 9.845) basis points. Estimates in the final column imply that the daily dispersion of interest rates across the loans has also declined. Accordingly, the estimated mean of the value-weighted standard deviations of interest rates falls by 43%, from 6.27 basis points to 3.56 basis points, after the policy shift.
The linear model (5) with allowance for a permanent shift in a variable's mean at a known date as well as a constant variance may be too restrictive, however. It cannot be precluded that the variance also shifts after the policy shift. Moreover, it
need not be the case that a variable's behaviour shifts permanently and irreversibly and that it never returns to its behaviour pre-policy shift, even occasionally. Furthermore, possible effects of the policy shift need not occur exactly on the day the policy change was implemented.
Markov switching models
In the following, we employ markov switching models to undertake the investigation while remaining silent about whether or not a policy shift has taken place, its timing and permanence; see e.g. Hamilton (1989) . We consider the following model specification:
where μ y (s t ) represents the mean value of y while σ y (s t ) represents its standard deviation. The values of both parameters depend on an unobserved state variable s. The stochastic disturbance term is σ y (s t )ε t where ε t is assumed to be an identically and independently distributed unobserved term with a standard normal distribution.
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We assume s takes on discrete values, 1 or 2, governed by a first-order markov chain. Since s is unobservable, probabilistic inference about the value of s t is based on observations of y available at time τ (≥ t) and the estimated value of the parameter vector Θ containing all parameter values in the model for all states. The 
1895.57
Note: We estimate two versions of model (6), one with shifts in means only and one with shifts in both means and variances. The y variables are as above; see Table 1 . Estimates of standard errors are placed below the parameter estimates. QLR-statistics are defined as 2 times the difference between the log-likeliood value of a given markov switching model and that of the corresponding linear constant parameter model; see Carter and Steigerwald (2013) . Estimation method is mle while the data samples for each of the y-variables consist of 1627 observations over the sample period. The estimation has been carried out in eviews 9.5. smoothed probability of s t = j expresses the probability of being in state j at time t, conditional on the available full sample information; τ = T . Smoothed probabilities can be expressed as:
Estimates of model (6) can reveal the extent of changes in the mean and/or variance of variable y over the sample period. The associated probabilities of different states can suggest when these shifts took place, whether potential shifts in the mean and/or variance coincided with the official shift in liquidity policy, and to what extent possible shifts can be considered transitory or permanent.
To summarise our findings before presenting them in detail: although there are days when overnight interest rates and different activity measures take values that were typically observed before the policy shift, we find that the level of interbank activity has been generally higher, while overall overnight interbank interest rates have been lower and more stable after the policy shift. Table 2 We have tested whether the estimated parameters in the two states are significantly different from each other using wald-tests. We found that the null hypotheses of equal mean (μ y ) values and equal standard deviations (σ y ) in the two states are rejected at the 1% level of signficance. The only exception is in the case of the standard deviation of the number of interbank participants (banks), which is barely rejected at the 5% level of significance; the chi-square test statistics is 3.73 while the p-value is 0.054. For all of the five y-variables, we have also estimated two state markov switching models with constant as well as state-dependent autoregressive terms (of order one) in addition to state-dependent means and variances and found parameter estimates comparable to those reported in Table 2 . For all of the latter models, null hypotheses with equal mean values and equal variances across the two states were rejected at the 1% level of significance. wards. Prior to this, the observations are mostly from the corresponding low-mean regimes, with several exceptions though; see Figure 9 , the middle and lower panels.
Regarding estimation results for the spread and the dispersion of interest rates across loans, Table 2 shows that the nonia spread shifts between a regime where the average spread is 5.3 basis points and a regime where the average spread is −2.6 basis points while the corresponding standard deviations are 8.3 and 1.4 basis points, respectively. The value-weighted standard deviations of interest rates switch between a regime where the average value is 7.9 basis points and a regime where the average is 2.2 basis points. The weighted standard deviation of interest rates across loans is also relatively less volatile in the second regime than in the first regime; the standard deviations are 5.43 and 0.96 basis points, respectively.
The smoothed probabilities for nonia-spread in the upper panel of Figure 10 suggest that a regime shift characterised by a lower mean and lower variance occurred after 3 october 2011, and this regime has prevailed in all or a majority of the following days in the sample. Some of the observations after 3 october 2011 may have been drawn from the relatively low mean and/or higher variance regime.
These observations typically occur at the end-of-months and on days when there is relatively low activity; see Figure 6 . The smoothed probabilities from the model with just switching means give a less nuanced characterisation of the time series behaviour of the nonia-spread. They suggest that its observations are exclusively from the regime with a negative average spread from 3 october 2011 onwards.
The lower panel of Figure 10 suggests that most observations of dispersion in interest rates, represented by the value-weighted standard deviation of interest rates of individual loans, from around 3 october 2011 onwards are from the regime with relatively low and stable dispersion. In the earlier period, both regimes seem to prevail quite often.
Conclusions
We have investigated the effects of the shift in norges bank's liquidity policy on activity and pricing in the norwegian overnight interbank market. The policy shift on 3 october 2011 was primarily aimed at increasing interbank market activity. It entailed quotas on banks' overnight deposits remunerable at the key policy rate and the remuneration of deposits above-quotas at the 'reserve rate', set one percentage point lower than the key policy. These changes were accompanied by a target range for total liquidity and an active use of fixed-term central bank loans as well as deposits to achieve the total liquidity target. The liquidity policy shift could be characterised as a shift from a 'floor system' to a 'corridor system'.
We find that the shift in liquidity policy has been followed by a statistically and economically significant increase in overnight interbank activity as measured by the daily turnover, the number of overnight loans and the number of market participants.
There is also strong evidence of relatively smaller dispersion in interest rates across individual loans, and smaller and mostly negative interbank interest rate spreads relative to the key policy rate following the policy shift.
Notably, our measure of market-wide overnight interbank interest rate, nonia, falls from a model-dependent average in the range of about 5-7 basis points above the key policy rate to about 2-3 basis points below the key policy rate. While 97% of nonia observations were above the key policy rate before the policy shift, 96%
were below the key policy rate after the shift. That is, the key policy rate has in general not acted as a floor for overnight interbank interest rates after the policy
shift. Yet, relatively smaller deviations of interbank rates from the key policy rate suggest that it prevails more strongly in the interbank market after the policy shift than before.
is estimated as an unweighted average of estimated overnight interest rates if these conditions are not fulfilled. These estimates are provided by selected panel banks.
This happened 24 times during our sample period. NOWA has been published daily by norges bank since 29 september 2011.
Specifically, daily loan volume for a bank j, L j,t , its weighted lending rate (r j,t ) and the market level lending interest rates, nowa (r t ), may be defined as:
where and associated overnight interest rates (r i,j,t ) are not reported by the banks, only their total daily loan volumes (L j,t ) and loan-weighted overnight interest rates (r j,t ).
Norges bank uses the reported information to derive and publish nowa (r t ) daily.
B Comparison of Furfine-based NOWA with official NOWA
The quoted rates and volumes from nowa banks enable us to evaluate the reliability of our algorithm by comparing daily loan volumes (L t ) and nowa lending rates (r t )
published by norges bank with estimates based on different versions of the algorithm ( L t and r t ). The estimates are obtained by aggregating the algorithm-based values of individual loans and corresponding interest rates for the nowa panel banks.
11 463 loans identified by the algorithm where a nowa bank is lender. Given their small share (1.85%) and lack of information about their possible exclusion, we proceed by excluding such relatively small loans.
Previously, Akram and Christophersen (2014) have found the furfine approach to be quite reliable at the aggregate level with negligible difference between the furfinebased nowa rate and the official one calculated by norges bank.
14 One source of discrepancy between furfine-based nowa and official nowa is that the latter is by requirement based on banks' own lending, while such a requirement needs not be met in the former case. The furfine-algorithm based on recorded transactions between banks does not know whether a given transaction is on own behalf of a bank or on behalf of a foreign bank or another institution without access to norges bank's rtgs system. We therefore expect the aggregate furfine-based turnover to be higher than the reported aggregated turnover.
Other sources of discrepancy include violation of the assumed characteristics of overnight loans: that a transaction needs to be divisible by nok 1000 000; that implied interest rates do not have more than 3 decimals; and that implied interest rates do not deviate implausibly much from the overnight deposit rate (the bandwidth assumption). 1.06 -1.52 52.34 % Note: Results in the second and the last columns are based on the whole sample period (17 april 2009-7 january 2016). However, when comparing with official nowa statistics in the third and fourth columns, the sample period is 3 october 2011 to 7 january 2016.
x The floating rate band requires the implied interest rate to be between max{i cb +110 bps, i cb ×1.934} and min{i cb −110 bps, 5 bps}. An overnight interbank loan is typically repaid at 5:45 the following day. We record transactions between between 5:45 and 5:47 and check the share of these satisfying our criteria to be considered an overnight interbank loan. The last column reports shares of transactions classified as overnight interbank loans that are returned 5:45-5:47 am under the different bandwidth assumptions. Table 3 presents the evaluation of the implemented furfine-based algorithm.
The first column specifies the width of the interest rate band by noting symmetric deviations in basis points from the prevailing overnight deposit rate at each point in time. The results presented in the paper are based on +/-70 basis points deviation and decimal restrictions on implied interest rate. We note, however, that the results presented do not change much with changes in the bandwidth.
The mean and median deviations between furfine-based and official nowa rates are -1.79 and 1.09 basis points, respectively. The mean deviation may have been influenced by some extreme observations of the official nowa rate. There are eight days in the sample when the difference between the furfine-based nowa and the official nowa is about -30 basis points, while there is just one day when the difference is 30 basis points. Unusually large official nowa rates, or atypically small estimates of the furfine-based nowa account for these extreme values.
In the case of daily turnover, the mean deviation is around nok 1 bn. As noted above, in contrast with the nowa reports, the furfine approach also captures loans on behalf of other banks or financial and non-financial customers. The deviations suggest that lending on behalf of other institutions constitutes around 8% of nowa banks loans.
A final piece of evidence supporting the reliability of the implemented furfinebased algorithm is that the intraday seasonality pattern of identified overnight loans largely conforms with the expected pattern. The last column of Table 3 
